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METHOD OF DETERMINING RANDOM ACCESS CHANNEL PREAMBLE 
DETECTION PERFORMANCE IN A COMMUNICATION SYSTEM 

RELATED APPLICATION 
[0001] The present application is related to co-pending and commonly 
assigned U.S. Patent Application Serial No. (unassigned), filed August 29, 
2003 to Lee et al., entitled, "METHOD AND ARRANGEMENT FOR 
DETECTING A RANDOM ACCESS CHANNEL PREAMBLE USING 
MULTIPLE ANTENNA RECEPTION IN A COMMUNICATION SYSTEM", the 
entire contents of which are hereby incorporated by reference herein. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to determining link-level performance of 
random access channel (RACH) preamble detection in a communication 
system. 

Description of Related Art 

[0003] Expanded efforts are underway to support the evolution of the 
Universal Mobile Telecommunications System (UMTS) standard, which 
describes a network infrastructure implementing a next generation Wideband 
Code Division Multiple Access (W-CDMA) air interface technology. A UMTS 
typically includes a radio access network, referred to as a UMTS terrestrial 
radio access network (UTRAN). The UTRAN may interface with a variety of 
separate core networks (CN). The core networks in turn may communicate 
with other external networks (ISDN/PSDN, etc.) to pass information to and 
from a plurality of wireless users, or user equipments (UEs), that are served 
by radio network controllers (RNCs) and base transceiver stations (BTSs, also 
referred to as Node Bs), within the UTRAN, for example. 
[0004] Setting up a communication channel typically involves the UE 
transmitting a known sequence, such as a sequence containing a series of 
symbols, on an access channel that is monitored by a receiver at the Node-B. 
The Node-B receiver detects the known sequence and uses it for functions 
such as estimating the round-trip delay between the UE and Node-B. 
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[0005] Methodology for characterizing system-level performance of this 
access channel, known in UMTS as a random access channel (RACH), is 
currently being investigated. System-level performance is typically 
represented by throughput and delay. Often, average link-level performance 
results, such as an average signal-to-interference ratio (SIR) versus detection 
probability, are used in a simulation of a network or system being evaluated. 
To generate link-level performance results, intensive link-level simulation is 
typically required, depending on Doppler and angle spreads. 
[0006] FIG. 1 is a simplified block diagram of a conventional link-level 
preamble detection technique. Current determination of link-level performance 
of RACH preamble detection is characterized by a detection probability P D , 
given a false alarm probability (Pfa). The detection probability represents a 
probability that a RACH preamble will be detected. The false alarm 
probability represents a probability of an erroneous detection of a RACH 
preamble when the RACH preamble is not actually present. A system or 
network simulation is arranged with specific channel parameters such as 
Doppler and angle spread. Intensive repeated system simulations are 
required/with detection results being collected over many repeated simulation 
runs. 

[0007] Referring to FIG. 1 , this current technique, illustrated as 100, 
involves performing a series of intensive simulations for a plurality of RACH 
realizations in order to determine a probability of detection of a given RACH 
preamble. For a given channel realization, such as a RACH realization, an 
instantaneous metric is determined (function 110) based on an input channel 
parameter such as transmit power, coefficients reflecting channel conditions, 
here shown as Ec/N 0 , which may represent a signal-to-noise ratio of a 
particularly received signal (e.g., a signal containing RACH preamble 
information), and parameters from spatial processing or temporal processing 
algorithms. This metric is used for determining a detection event (function 
120). A threshold 'q' is also calculated for determining a detection event. 
This threshold is calculated (function 130) in advance based on a false alarm 
probability (Pfa) requirement for the given channel realization. A comparison 
of the metric to q is performed in function 120 to determine a detection 
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indicator value, loet(q). The indicator value represents a detection success or 
a detection failure of the channel. If the metric is equal to or exceeds q, the 
value of lDet(q) is set to 1 , otherwise it is set to zero (0). 
[0008] Functions 1 10-130 are repeated for each simulation run evaluating a 
the performance of a particular channel realization, such as RACH preamble. 
After a simulation has been completed for all channel realizations of interest, 
a probability of detection (Po(q)) may be determined based on an average of 
the indicator values over all channel realizations (Function 140). 
[0009] The above technique thus requires a series of simulation runs to 
determine a probability of RACH preamble detection. Moreover, the intensive 
link-level simulation described above captures only an average system 
behavior, rather than instantaneous system behavior. Accordingly, 
determining link level performance for a particular channel realization at a 
particular instant in time, so as to be able to simulate an instantaneous 
system behavior level, may be more advantageous to enhancing packet data 
and/or high speed data systems which arise in UMTS, W-CDMA and IEEE 
802.11 technologies, for example. 

SUMMARY OF THE INVENTION 
Exemplary embodiments of the present invention are directed to a 
method for determining link level performance of random access channel 
(RACH) preamble detection in a wireless communication system, where link 
level performance results may be obtained without having to perform 
extensive simulation. Link-level performance results of RACH preamble 
detection may be characterized by determining a conditional detection 
probability. The conditional detection probability may be conditioned upon an 
instantaneous channel coefficient, and the conditional detection probability 
may be expressed in terms of an instantaneous detection metric. 
Instantaneous link-level performance may be characterized by a look-up 
table, thus a system model evaluated in accordance with the method may 
accurately represent instantaneous system behavior. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] Exemplary embodiments of the present invention will become more 
fully understood from the detailed description given herein below and the 
accompanying drawings, wherein like elements are represented by like 
reference numerals, which are given by way of illustration only and thus do 
not limit the exemplary embodiments of the present invention and wherein: 
[001 1] FIG. 1 is a simplified block diagram of conventional link-level 
preamble detection technique 

[0012] FIG. 2 is a flow diagram illustrating a method of determining link level 
performance in accordance with the exemplary embodiments of the present 
invention. 

[0013] FIG. 3 is block diagram illustrating RACH preamble detection in 
accordance with the exemplary embodiments of the present invention. 
[0014] FIGS. 4A through 4D illustrate exemplary antenna configurations 
evaluated in accordance with the exemplary embodiments of the present 
invention. 

[0015] FIG. 5 is a graph illustrating a probability of miss as a function of 
detection metric for the antenna configurations of FIGS. 4A-4D in accordance 
with the exemplary embodiments of the present invention. 
[0016] FIG. 6 is a graph illustrating a cumulative distribution function (CDF) 
of detection metric for the antenna configurations of FIGS. 4A-4D in 
accordance with the exemplary embodiments of the present invention. 
[0017] FIG. 7 is a graph illustrating a cumulative distribution function (CDF) 
of conditional detection probability for the antenna configurations of FIGS. 4A- 
4D in accordance with the exemplary embodiments of the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 
[0018] Although the following description of the present invention is based 
on the Universal Mobile Telecommunications System (UMTS) network 
infrastructure implementing a next generation Wideband Code Division 
Multiple Access (W-CDMA) air interface technology, it should be noted that 
the exemplary embodiments shown and described herein are meant to be 
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illustrative only and not limiting in any way. As such, various modifications will 
be apparent to those skilled in the art. 

[0019] Where used below, base transceiver station (BTS) and Node-B are 
synonymous and may describe equipment that provides data connectivity 
between a packet switched data network (PSDN) such as the Internet, and 
one or more mobile stations. Additionally where used below, the terms user, 
user equipment (UE), subscriber, mobile, mobile station and remote station 
are synonymous and describe a remote user of wireless resources in a 
wireless communication network. 

[0020] In general, the exemplary embodiments of the present invention 
introduce methods for determining link level performance of random access 
channel preamble detection in a wireless communication system without 
having to perform extensive simulation. In accordance with the exemplary 
embodiments, link-level performance of RACH preamble detection may be 
characterized by determining a conditional detection probability. The 
conditional detection probability may be conditioned upon an instantaneous 
channel coefficient. The conditional detection probability may be expressed in 
terms of an instantaneous detection metric. The instantaneous detection 
metric may be a function of transmit power, channel coefficients, spatial 
processing and parameters related thereto, and temporal processing and 
parameters related thereto. A probability of detection may further utilize a 
table look-up technique to simplify generating link-level performance results. 
Instantaneous link-level performance may be characterized by a look-up 
table, thus a system model evaluated in accordance with the method may 
accurately represent instantaneous behavior such as instantaneous channel 
variation and interference characteristic, for example. 

[0021] As described briefly above, the method for determining link probability 
of detection performance may be utilized in connection with reception of a 
random access channel (RACH) in UMTS. However, the exemplary 
embodiments are not limited to a UMTS, W-CDMA or single-input multiple- 
output (SIMO) channel, and may be applicable to any wireless communication 
system involving preambles in Packet Data Access systems for single-input 
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single-output (SISO), SIMO or multiple-input multiple-output (MIMO) 
channels. 

[0022] Moreover, conditional detection probability may be determined 
without any actual link-level simulation. Based on the conditional probability, 
a detection indictor may be determined. An average of the detection indicators 
may be determined over several channel realizations. Based on the average 
over multiple fading channel or spatial channel realizations, for example, an 
overall probability of detection for detecting a RACH preamble may thus be 
obtained. 

[0023] The determined conditional probability may thus be an input to a 
system simulation, such as a simulation of link-level or system level 
performance of a UMTS or other wireless communication system. Instead of 
iterating many simulation runs to generate link-level performance results 
depending on given channel conditions, only a few conditional probabilities 
depending on antenna configuration need to be generated utilizing the 
exemplary method, for input to the system simulation. 

[0024] FIG. 2 is a flow diagram illustrating a method of determining link level 
performance in accordance with the exemplary embodiments of the present 
invention. Referring to FIG. 2, and for a communication system to be 
simulated, a detection metric may be determined (function 210) for a given 
wireless channel coefficient. The channel coefficient may be representative of 
channel conditions of a particular wireless channel realization to be evaluated 
during a system simulation, such as a random access channel (RACH), for 
example. As will be seen in further detail below, the detection metric may be 
an instantaneous detection metric that is a function of transmit power, channel 
coefficients, spatial processing and parameters related thereto, and temporal 
processing and parameters related thereto. 

[0025] A conditional detection probability (PD|h(q)) may be selected (function 
220) as an input to the simulation based on the determined detection metric. 
(P D(h (q)) is selected without substantial link-level processing, such as is 
required in the conventional link-level simulation technique, during a system 
simulation of the communication system. Based on the selected (PD|h(q)), a 
link level performance result may be calculated (function 230). 
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[0026] As will be described in further detail hereafter, the (PD|h(q)) may be 
selected by accessing a look-up table (LUT). The LUT may include a table of 
generalized Marcum Q functions, each conditional detection probability 
corresponding to a given instantaneous detection metric and a given 
threshold value. The threshold value is referred to as 'q', and depends on 
antenna configurations and a false alarm probability requirement of the 
system. The exact calculation of (PD|h(q)) will be shown in the following 
equations hereafter. The given 'q' may be calculated in advance as a function 
of a probability of an erroneous detection when a signal to be received over a 
given wireless channel realization is not present (e.g., based on the 
probability of false alarm (Pfa)). 

[0027] The calculation of link level performance of function 230 (which may 
be reflected as an unconditional probability of detection, (Po(q)) of a RACH 
preamble sequence, for example) may include calculating a detection 
indicator value (bET|h) that represents a detection success or a detection 
failure of the RACH preamble. The detection indicator value l D ET|h may be 
determined by comparing the selected conditional detection probability 
(PD|h(q)) to a randomly-generated number (a uniform random variable in [0,1]), 
and outputting the detection indicator value (a 'V) if the selected conditional 
detection probability equals or exceeds the randomly-generated number, for 
example. 

[0028] An indicator detection value conditioned on a given fading channel or 
spatial channel realization (lDET|h) may be calculated for each channel 
realization, i.e., each RACH that is to be evaluated during system simulation. 
Detection indicator values calculated for all fading channel or spatial channel 
realizations may be averaged, and a link level performance result, such as an 
unconditional detection probability for all fading or spatial channel realizations, 
may be determined based on the average detection indicator value. 
FIG. 3 is block diagram illustrating RACH preamble detection in accordance 
with the exemplary embodiments of the present invention. Referring to FIG. 3, 
from channel parameters (i.e., EJN 0 , fading channel coefficient, spatial 
channel coefficient, etc.) and parameters from various temporal and spatial 
processing algorithms, an instantaneous received detection metric ('metric') 
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may be measured or estimated. Such temporal and spatial processing 
algorithms are described in detail in co-pending and commonly assigned U.S. 
Patent Application Serial No. (unassigned), filed August 29, 2003 to Lee et al., 
entitled, "METHOD AND ARRANGEMENT FOR DETECTING A RANDOM 
ACCESS CHANNEL PREAMBLE USING MULTIPLE ANTENNA 
RECEPTION IN A COMMUNICATION SYSTEM", thus a detailed explanation 
is omitted here for purposes of clarity. 

[0029] As an example, however, of the spatial processing and temporal 
processing that may be used to generate spatial and temporal parameters for 
measuring or estimating the metric, a brief explanation of how an exemplary 
RACH preamble may be evaluated is provided. An uplink signal transmitted 
from a UE may be received by one or more closely-spaced receive antennas 
of a Node-B receiver. The uplink signal may contain data related to a random 
access channel preamble, and in particular to one or more (e.g., 16) preamble 
signature sequences. For example, the uplink signal may be embodied as a 
RACH preamble carried on the physical random access channel known as a 
PRACH in the physical layer, which is transmitted on the uplink by the UE. 
[0030] The uplink signal may be subjected to both spatial processing and 
temporal processing in order to efficiently detect the RACH preamble. The 
particular order of processing is flexible: spatial processing may occur before 
temporal correlation, and vice versa. Spatial processing may be performed 
- using a direct implementation for spatial processing in which all RACH users 
(e.g., UEs attempting to establish communication with a Node-B of a given 
cell) share a single 'spatial processing block' in the Node-B receiver 
architecture. Alternatively, spatial processing may be implemented with a Fast 
Fourier Transform (FFT) implementation to reduce computational complexity. 
In either case, the output from spatial processing (if performed after temporal 
correlation) or the output from temporal processing (if performed after spatial 
processing) may include parameters used to determine the detection metric. 
[0031] Utilizing a look-up table 310, the conditional detection probability P D |h 
(q) may be determined based on the input metric and the given threshold 'q\ 
The threshold 'q' is determined in advance by a threshold calculator 320 from 
a probability of false alarm (Pfa). The threshold value q may be calculated 
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from the false alarm probability relation Pfa(q) = 1 - F P Y|Ho(q) where F Y |Ho(q) is 
the cumulative distribution function (CDF) of the decision statistic for null 
hypothesis and P is the number of beams. CDF F Y |Ho(q) is a chi-square 
distribution which can be obtained in a closed-form. A recursion is used to 
compute the threshold value q that satisfies the relation in expression (1). 

<? = 0; 

Fy\h q (<?) = o; 

Aq = Desired resolution for threshold search; 
while (F Y]Ho (q)<(l-P FA y p ) 

{ 

q:=q + Aq\ 
Compute F y \ Hq (q)\ 

} 

[0032] The Po|h (q) is compared to a randomly generated number at 
comparator 330 to determine the detection indicator value (Idetih) that 
represents a detection success or a detection failure of the RACH preamble. 
By generating a uniform random variable in [0,1] at random number generator 
340 and comparing it to the Po|h (q) at comparator 330, whether a particular 
access attempt for an access slot was a success or a failure may be 
determined. The detection indicator conditioned on a channel, loetDh may thus 
be accordingly set to a 1 or 0. For example, if P D |h (q) equals or exceeds the 
uniform random variable generated from random number generator 340, a 
RACH preamble detection was successful and the betih is set to 1 . 
[0033] An unconditional detection probability Po(q) may be determined by 
averaging the detection indicator, l De t|h over repeated access processes with a 
plurality of channel realizations at averager 350. 

[0034] The unconditional detection probability P D (q) may be determined by 
averaging the detection indicator, l Det /h over repeated access processes with a 
plurality of channel realizations. Generally, this unconditional detection 
probability P D (q) may be represented by expression (2) using CDF of channel 
f(h). 

P D = lP Dlh (q)f(h)dh (2) 
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[0035] FIGS. 4A through 4D illustrate exemplary antenna configurations 
evaluated in accordance with the exemplary embodiments of the present 
invention. The methods in accordance with the exemplary embodiments may 
be applicable to communication systems employing beamforming antenna 
technologies. Beamforming antennas represent an array of antennas used to 
form one or more beams within a cell having controlled beam directions. 
Beamforming modes may be defined as a flexible mode or a fixed mode. The 
flexible beamforming mode includes beamforming antennas where the uplink 
and downlink beams are formed by the application of weight vectors to the 
received and/or transmitted signals, in order to control the relative phase 
between the signals applied at the antenna elements. The weight vectors, and 
hence beam directions, are flexible. Beamforming with a grid of fixed beams 
(e.g., fixed mode) may be defined as beamforming antennas where the uplink 
and downlink beams are formed in such a way that the beam directions are 
fixed. 

[0036] FIG. 4A illustrates a V-1 antenna configuration, which may be 
embodied by a single antenna with vertical polarization. FIG. 4B illustrates a 
DIV-2 configuration composed of two widely spaced antennas. The spacing 
between antenna 'columns* is large as compared to the wavelength of a 
transmitted or received signal. FIG. 4C illustrates a clustered linear array 
(CLA-3X) antenna configuration with cross polarization. In a CLA-3X, spacing 
between antenna elements is a fraction of the wavelength of the 
transmitted/received signal, hence 'closely-spaced 1 antenna elements. FIG. 
4D depicts a uniform linear array (ULA-4V) antenna configuration. A ULA-4V 
may be embodied as four (or more) closely spaced antenna elements. In 
accordance with the exemplary embodiments, a RACH preamble sequence 
may be received on the uplink by a Node B configured with one of the 
antenna configurations in FIGS. 4A-4D. The following equations are 
applicable to determining link-level performance of RACH preamble detection 
for a Node B having any one of the above antenna configurations 
Equations for Calculating Pp j h and Pn(a) 

[0037] The following expressions may be utilized to determine conditional 
detection probabilities in accordance with the exemplary embodiments of the 
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present invention. Each detection probability may be a function of received 
signal power and interference power (Ec/N 0 ). The metric for RACH preamble 
detection represents an instantaneous received detection metric ('metric') 
input to LUT 330, and is based on channel parameters (i.e., Ec/N 0t fading 
channel coefficient and/or spatial channel coefficient) and parameters. Table 
1 summarizes a list of symbols and descriptions that are used in the following 
equations. 



Table 1 



Symbol 


Definition 


* 


Decision statistic for annle bin o fanole bin = beam) 


M 


Total numhpr of rpceive antennae at Nod© R 

1 V-/ LCI 1 1 1 U 1 1 1 VJ W 1 w 1 1 www 1 V W Ul 1 Iw 1 1 1 1 UO CI 1 1 ^1 WW w 1— » 


ivi a 


Numhpr of receive antennas in antenna cluster d 

1 M L-J I 1 1 Uv 1 w 1 1 WWW 1 V W C4I 1 lw 111 lUv ■ 1 1 Ul 1 Ivl 1 1 IU Wl W W iv 1 W 




Numhpr of antpnna clusters 

1 XUI 1 1 WW 1 Wl Ul 1 iw 1 1 1 Id vlUwlwl w 


c 


Coherent accumulation lenath in number of Chios/ 

wui iw i w iii avou 1 1 iu luiiwi i i w i iu hi hi i i wi 1 1 1 w w ■ w i wi ■ ■ w w § 


P 


Number of beams (or angle bins) 


c c 


Tra ncmittorl ohio onornx/ 
1 1 cti loi i Hiit?u wiiip 01 iom y y 


-2 


\/arianr»o r>f rnmnloY r*hin-r£itp Qinnal 

Vdlldllwl^ Ul l/UIIIJJICA L/NlfJ ictit? oiyi ICIJ 


s(n) 


LrOmuinea signal ot preamDie signaxure sequence ana scramuiirig 
coue t^comuinea Tor lemporai proceosiny ot oiyiicu/ 


<J a, j 


Sianal after coherent accumulation of N r Chios for temporal 
segment j, antenna cluster d, and angle bin p. Also called 
subcorrelation of segment j (Result from temporal processing) 


h 


Channel coefficient 




Channel coefficient of antenna cluster d for subcorrelator j 


z(n) 


Complex white Gaussian noise of chip-rate signal 


No 


Power spectral density of the noise z(n) 




Weighting vector for antenna cluster of, angle p. Dimension of 
weighting vector is M x 1 


d 


Antenna cluster index, d = 0, 1, ... AW 


9 

J 


Subcorrelation block index, j = 0, 1, ... J~1 


P 


Angle bin index, p= 0, 1, ... P-1 


d 


Angle of arrival of signal 
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[0038] A decision statistic Y p for a RACH preamble may be written by 
expression (3): 

y = Z Y f = S Z\ s ij\ o) 

d=0 d=0 j=0 

For a channel coefficient h d and weighting vector wf, a subcorrelation signal 
may be determined by the following expression (4): 



h d {j)^4E c ^s{n)\ 2 + £ s(n)z(n) 

n~0 n==Q 



(4) 



The superscript H denotes Hermitian transpose. Referring to expressions (3) 
and (4), the real parts (I) and imaginary parts(Q) of Y p are uncorrected and 
have identical variances. The means of the real and imaginary parts are 
different. Thus, Y p is noncentral chi-square distributed with 2JN d}v degrees of 
freedom. 

[0039] Accordingly, the conditional detection probability may be obtained in 
terms of what is known as a generalized Marcum's Q function. For a decision 
statistic which is a noncentral chi-square random variable with a noncentrality 
parameter s 2 and a variance of an underlying Gaussian random variable a 2 , 
the conditional detection probability may be given by expression (5): 



^(?) = l-flfi 



(5) 



[0040] The parameters for the underlying Gaussian random variable o^and 
the noncentrality parameter are given by expressions (6) and (7): 



J-\ N div -\ 



s 2 = n?eX Sl^OKI 2 (6) 

j=0 d=0 



= * c 4 (7) 



.a & 



[0041] 



[0042] Detection probability for the more general case of multipath fading 
channel is of interest. Assume that a search window (i.e., the delays over 

which the time-offset search is conducted) is the set T = {r',i = 1, 2, K N t } . 
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For a multipath fading channel with L paths with delays T m = {rj ... r L ] , 



probability of detection conditioned on channel maybe written as: 




Yl 



J 



In expression (8), Q„(s, VF) denotes the Marcum's Q function of degree n with 
non-centrality parameter s. This follows from the fact that is non-central chi- 
squared distributed with 2JN dlv degrees of freedom. 

[0043] In a system simulation, given realizations of vector channels across 
multipaths, subcorrelators and antenna clusters, an instantaneous probability 
of detection of a RACH preamble may be obtained using equation (8). For 
each antenna configuration, the value of a threshold q may be found using the 
probability of false alarm (P F a) constraint, as shown in FIG. 3 Accordingly, in 
order to calculate the conditional probability of detection, the method only 
refers to a look-up table (LUT) for the Marcum's Q function for different 
values of the non-centrality parameter s and a fixed threshold value q that is 
computed in order to maintain a certain required Pfa. A single LUT for each 
antenna configuration mapping the metric 's' to conditional detection 
probability P D |h {q) may be constructed for a given, specified threshold q, and 
hence for a given Pfa value. 

[0044] FIG. 5 is a graph illustrating a probability of miss as a function of 
detection metric for the antenna configurations of FIGS. 4A-4D in accordance 
with the exemplary embodiments of the present invention. FIG. 5 compares a 
conditional probability of miss (P M | h = 1 - Pd|h (q)) performance for the four 
different antenna configurations as a function of detection metric, given P F a= 
10" 3 . FIG. 5 shows that for the same detection metric value, PM|h varies based 
on antenna configuration. Diversity order and the threshold values required to 
satisfy false alarm probability requirement result in differences in 
performance. 

[0045] FIG. 6 is a graph illustrating a cumulative distribution function (CDF) 
of detection metric for the antenna configurations of FIGS. 4A-4D in 
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accordance with the exemplary embodiments of the present invention. A CDF 
of the detection metric for a single path channel for the four antenna 
configuration is shown. The CDF was obtained from detection metrics of 30 
users dropped at random locations within a cell. The channel was chosen to 
be a single path spatial channel model with mobile velocity 120 kmph. The 
open loop power control constant was set such that Ec/N 0 operating point was 
-16 dB. FIG. 6 shows that multiple antenna processing for DIV-2, CLA-3X or 
ULA-4V increases the detection metric by about up to 3 dB, which in turn 
would increase link-level RACH preamble detection performance. 
[0046] FIG. 7 is a graph illustrating a cumulative distribution function (CDF) 
of conditional detection probability for the antenna configurations of FIGS. 4A- 
4D in accordance with the exemplary embodiments of the present invention. 
FIG. 7 shows the P D |h generated from a system level simulation may be 
increased using multi-antenna processing. 

[0047] The exemplary embodiments of the invention being thus described, it 
will be obvious that the same may be varied in many ways. Such variations 
are not to be regarded as departure from the spirit and scope of the 
exemplary embodiments of the invention, and all such modifications as would 
be obvious to one skilled in the art are intended to be included within the 
scope of the following claims. 
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